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T^ 1 Abstract 



Two important properties of a Higgs boson are its mass and width. They 
may distinguish the Standard Model (SM) Higgs boson from Higgs bosons 
of extended models. We show results from a direct mass and width re- 
construction for a Higgs boson mass range from 120 to 340 GeV/c 2 . The 
mass and width have been reconstructed from the H — ► ZZ* — ► fi + yT fi + fi~ 
reaction in an LHC simulation of the CMS detector. The determined mass 
accuracy has been compared with that obtained from studies for a linear 
collider (LC). The mass precision from the latter studies is derived by scal- 
ing previous LC simulation results according to the expected event rates. 
For the Higgs boson width we compare a direct determination with indirect 
methods and find good complementarity. 
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Two important properties of a Higgs boson are its mass and width. They may distinguish the 
Standard Model (SM) Higgs boson from Higgs bosons of extended models. We show results from 
a direct mass and width reconstruction for a Higgs boson mass range from 120 to 340 GeV/c 2 . 
The mass and width have been reconstructed from the H — * ZZ* — » fi + fi~ fi + fi~ reaction in an 
LHC simulation of the CMS detector. The determined mass accuracy has been compared with 
that obtained from studies for a linear collider (LC). The mass precision from the latter studies 
is derived by scaling previous LC simulation results according to the expected event rates. For 
the Higgs boson width we compare a direct determination with indirect methods and find good 
complementarity. 

Introduction 

The search for Higgs bosons is one of the main goals of future colliders. After a discovery it will be 
very important to establish the properties of the Higgs boson. First, results from an LHC study are 
given for the gluon fusion process where the Higgs boson mass is reconstructed by calculating the 
invariant mass of the four-Hiuon final state. The simulation is based on the CMS detector response 
parametrization CMS JET Li The selection is outlined in Refs.Ercl and it suppresses effectively the 
background. 

The invariant four-muon mass distribution is shown in Fig. |l| for three different Higgs boson 
masses. The resulting peaks are clearly visible over the expected background which consists of ZZ, tt 
and Zbb events. The number of background events is fairly constant and only about two events per 1 
GeV/c 2 for an integrated luminosity of 300 fb _1 . The signal and background simulation is repeated 
100 times for each investigated mass, where the background distribution is generated randomly 
according to the expected rate per mass bin. The results of the 100 fits are averaged in order to 
obtain the most likely outcome of the future experimental analysis. Each invariant-mass distribution 
is fitted with a Gaussian below a Higgs boson mass of 200 GeV/c 2 and a Breit-Wigner distribution 
otherwise. An example is shown in Fig. || and all results are given in Table [l]. A description of the 
Higgs mass determination of the other LHC experiment, ATLAS, can be found in Ref.Q. 
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Table 1: Simulated and reconstructed masses for a Gaussian (G) and Breit-Wigner (BW) fit and their statistical 
errors for the LHC study in the fi + (i~ fi+/i~ channel. All values are given in GeV/c 2 . The masses and their statistical 
errors are the averages from 100 simulated test experiments. 



Mass Reconstruction 

This LHC study has been compared with two LC studies which have been extrapolated to the mass 
range investigated here. The first study has exploited the Higgsstrahlung production e + e~ — > ZH, 
where the Z decays either to e + e~ or The reconstruction of the recoiling mass to the £ + £~ 

pair from the Z decay is used for the Higgs boson mass-reconstruction. The two leptons from the Z 
boson decay can be reconstructed with a high precisionB. In a second study the ZH — > bbqq channel 
was investigated In this channel the Higgs boson mass was calculated from the invariant mass 
of the bb system. Beamstrahlung is included in all LC simulations and has only a small effect on 
the reconstructed mass distributions. Details of the extrapolations are given in Table |[ Figure ^ 
compares these LC studies with the Higgs boson mass determination for the LHC. 
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Figure 1: Expected signal and background in the CMS 
experiment for Higgs boson masses of 130, 150 and 
170 GcV/c 2 in the fi + fi~ fi + fi~ channel for an integrated 
luminosity of 300 fb . 



Reconstructed Higgs mass [GeV/c ] 

Figure 2: Reconstructed Higgs boson mass in the 
/x~ fj,^~ fi~ channel as obtained from a CMS simulation 
(out of 100). For a simulated mass of 280 GeV/c 2 , m^ c = 
280.2 ± 0.6 GeV/c 2 is reconstructed. 
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Table 2: Summary of simulations S and extrapolations E. The variables with index zero are the values at the 
simulated Higgs boson mass of 120 GeV/c 2 , and those with index H the values at higher Higgs boson masses used for 

the extrapolation. 



Width Determination 

In addition to the Higgs boson mass determination, the determination of the Higgs boson width 
may allow a Higgs boson of an extended model to be distinguished from a SM Higgs boson. For the 
direct width determination at the LHC in the four-muon channel, the detector response simulation 
and event selection is applied as described before. 

For masses below 200 GeV/c 2 the detector resolution dominates and a Gaussian fit function is 
used, while for higher masses a Breit-Wigner distribution convoluted with the detector resolution is 
fitted and results are given in Table |. Figure |] shows the expected accuracy, defined as the error on 
the fit normalized to the natural width of the SM Higgs boson (curve 1, CMS detector). For a SM 
Higgs boson mass below about 180 GeV/c 2 , the predicted widthQ becomes much smaller than the 
detector resolution. In this range a direct width reconstruction is not possible and only an upper 
limit can be derived. 

In addition to the direct determination, results from indirect determinations for an LC (curve 2) 
and for the LHC (curve 3) are shown iruFig. |[ The indirect methods are based on the W-fusion 
production W + W _ — ► H. In the LC caseB, and in contrast to the indirect LHC study, only the decay 
H — > bb is considered (curve 2). The analysis of Ref. la (curve 3) makes use of several Higgs boson 
production processes. In the mass region below 150 GeV/c 2 , where the H — ► W + W~ branching 
fraction falls off rapidly, the LC has a much higher sensitivity than the LHC. The current direct and 
indirect studies for the LHC and an LC are complementary. 

In future studies, the relative errors should improve further when, for the LHC and LC, addi- 
tional channels which use other decay modes are investigated. 
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Figure 3: Relative error on the measurement of the SM Figure 4: Relative error on the measurement of the SM 

Higgs mass versus mass for the LHC (CMS simulation) Higgs width versus mass for the LHC (CMS simulation 
and an LC. and indirect determination) and an LC. 
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Table 3: Simulated and reconstructed widths and their statistical errors, and theoretical widths. The simulated 
values are the averages for 100 test experiments for the LHC study in the fi + fi~ fi + fi~ channel, a is the Gaussian fit 
result, while T is the fit result from a Breit-Wigner convoluted with the detector resolution. All values are given in 

GeV/c 2 . 



Conclusions 

We have investigated the accuracy with which the Higgs boson mass and width could be measured 
at the LHC in the four-muon channel. These are compared with the results from LC studies ex- 
trapolated into the range 120 - 340 GeV/c 2 in the case of the mass determination. The accuracy of 
the mass measurement is limited by a x BR of the corresponding Higgs boson decay into ZZ and bb 
for the H — > ZZ* — > (LHC) and the e + e~ — » HZ — > bbqq (LC) channels, respectively. 

In contrast, determinations through the LC H££ channel are independent of the Higgs boson decay 
mode. In the latter case the event rate depends only on the cross section, which decreases slowly 
with the Higgs boson mass and falls off rapidly at the kinematic production limit. For a large mass 
range the mass precisions of the LHC and an LC are comparable in the considered channels, and 
amount to about 0.1%. 

For the Higgs boson width determination we show that direct measurements and indirect meth- 
ods cover the mass range 120 - 340 GeV/c 2 with a relative error of about 10%. The overall precision 
will be higher when all Higgs decay modes are investigated. 
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